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(57) ABSTRACT

A developer supply container (1) detachably mountable to a
hollow portion of a rotatable photosensitive member (100)
provided 1n a electrophotographic image forming apparatus,
the container including a rotatable container body having an
iner space for contaiming a developer; a feeding portion (5)
for feeding the developer in the container body with a rotation
of the container body to discharge the developer out of the
container body; and a engageable portion (3a) which 1s
engageable with the photosensitive member so that container
body 1s rotated integrally with the photosensitive member by
a rotational driving force received from a driving member
(104) provided 1n the electrophotographic image forming
apparatus.

11 Claims, 9 Drawing Sheets
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DEVELOPER SUPPLY CONTAINER
MOUNTABLE TO A HOLLOW PORTION OF A

ROTATBLE PHOTOSENSITIVE MEMBER
AND DEVELOPER SUPPLYING SYSTEM
HAVING SUCH

TECHNICAL FIELD

The present ivention relates to a developer supply con-
tainer which 1s removably mountable 1n a hollow portion of a
photosensitive member disposed 1n an image forming appa-
ratus, and a developer supplying system which employs such
a developer supply container. As examples of an electropho-
tographic 1mage forming apparatus, a copying machine, a
printer, a facsimile machine, etc., which employ an electro-
photographic image forming method, can be listed.

BACKGROUND ART

Toner has long been used as the developer for an electro-
photographic 1image forming apparatus, such as a copying
machine, a printer, etc. As the toner in an 1mage forming,
apparatus 1s consumed for image formation, the image form-
ing apparatus 1s supplied with the toner from a toner container
(which sometimes 1s referred to as toner cartridge). Since
toner 1s made up of microscopic particles, various methods
have been proposed for preventing toner from scattering
while supplying an 1mage forming apparatus with toner, and
some of these methods have been put to practical use. Accord-
ing to one of these methods, a toner container 1s kept in an
image forming apparatus, and the toner in the toner container
1s discharged little by little from the toner container.

The black-and-white 1mage forming apparatuses stated in
Japanese Laid-open Patent Application 4-191770, 2002-
351174, etc., are structured so that a toner container is
mounted 1n the hollow portion of a photosensitive drum, in
order to utilize the hollow portion of the photosensitive drum
as the bay for a toner container to reduce the apparatus in size.

However, these image forming apparatuses are structured
so that a toner container rotates with a photosensitive drum
which 1s rotationally driven by the main assembly of an image
forming apparatus. Therefore, it 1s possible that an 1mage
forming operation will be started even though there 1s no
toner container 1n the apparatus, that 1s, even though the main
assembly of the image forming apparatus 1s in the state 1n
which toner cannot supplied to the main assembly. In other
words, 1t 1s possible that the photosensitive drum begins to be
rotationally driven even though the apparatus main assembly
1s 1n the state 1n which toner cannot be supplied to the appa-
ratus main assembly. Further, in order to discharge the toner
from a toner container, the toner container must be provided
with some kind of mechanism for conveying toner in the toner
container by recerving rotational driving force transmitted
from the photosensitive drum.

In recent years, colorization has been rapidly gaimning
momentum 1n the field of an 1mage forming apparatus, such
as a copying machine, a printer, etc. Therefore, a color image
forming apparatus employing multiple photosensitive mem-
bers has begun to attract attention. Obviously, a color copying
machine, a color printer, etc., use at least four developers
different in color, for example, black (Bk), yellow (Y), cyan
(C), and magenta (M) developers. Therefore, a space large
enough for four toner containers 1s necessary in the main
assembly of a color 1mage forming apparatus. Thus, a color
image forming apparatus 1s likely to be larger than a black-
and-white image forming apparatus. In other words, the space
required for the multiple toner containers 1s one of the pri-
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mary obstacles that prevent an electrophotographic color
image forming apparatus from being substantially reduced 1n
S1ZE.

DISCLOSURE OF THE INVENTION

The primary object of the present invention 1s to provide a

developer supply container and a developer supplying sys-
tem, which can solve the above-described problem.

These and other objects, features, and advantages of the
present invention will become more apparent upon consider-
ation of the following description of the preferred embodi-
ments of the present invention, taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a cross-sectional view of the essential portions of
the image forming apparatus in one of the preferred embodi-
ments of the present mvention.

FIG. 2 1s an external perspective view of the toner discharg-
ing portion of the toner supply container, as seen from (a) the
front side, and (b) the back side.

FIG. 3 1s a perspective (partially cutaway) view ol the toner
supply container, showing the toner baitling member.

FIG. 4 1s a perspective (partially cross-sectional) view of
the toner supply container, photosensitive drum, and their
adjacencies, showing how the toner supply container is
mounted.

FIG. 51s a schematic drawing of the toner supply container,
photosensitive drum, and their adjacencies, (a) before, (b)
during, and (c) after the toner supply container 1s mounted.

FIG. 6 1s a perspective view of the gear portion of the toner
supply container, the lengthwise end of the photosensitive
drum, which engages with the toner supply container, and the
driving gear on the apparatus main assembly side, showing
how they engage.

FIG. 7 1s a partially cutaway perspective view of the toner
supply container, photosensitive drum, and their adjacencies,
showing their positional relationship after the completion of
the toner supply container mounting operation.

FIG. 8 1s an external view of the toner supply container.

FIG. 9 1s a schematic drawing of the toner supply container
and photosensitive drum (sectional view), showing their posi-
tional relationship after the completion of the toner supply
container mounting operation.

FIG. 10 1s an external perspective view of a modified ver-
s10n of the toner supply container 1n the second embodiment
of the present invention.

FIG. 11 1s a schematic perspective view (a) of the coupling
member (coupler), and a schematic perspective view (b) of
the toner outlet portion of the toner supply container, which 1s
open.

FIG. 12 i1s a schematic cross-sectional view of the toner
outlet portion of the toner supply container, (a) before, (b)
during, and (c) after the resealing of the toner supply con-
tainer.

BEST MODE FOR CARRYING OUT TH
INVENTION

L1l

Heremafiter, the developer supply containers, and the
developer supplying systems, which are in the preferred
embodiments of the present invention, will be described with
reference to the appended drawings. Incidentally, the struc-
tural arrangements in the following preferred embodiments
of the present imnvention, which will be described below, are
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not intended to limit 1n scope the present invention. That 1s,
the present invention includes various modifications of these

structural arrangements, which fall within the scope of the
present invention.

Embodiment 1

First, referring to FIG. 1, the electrophotographic image
forming apparatus in this embodiment will be described
regarding its structure. This 1mage forming apparatus 1s an
example of a multicolor image forming apparatus in which a
toner supply container as a developer supply container 1s
mounted. Here, an electrophotographic image forming appa-
ratus means an apparatus which forms an 1mage on recording,
medium with the use of an electrophotographic 1mage form-
ing method. It includes an electrophotographic copying
machine, an electrophotographic printer (for example, laser
beam printer, LED prnter, etc.), a facsimile apparatus, a
wordprocessor, and the like.

(Image Forming Apparatus)

FI1G. 1 1s a sectional view of the image forming portion of
the main assembly of the image forming apparatus (hereaftter,
main assembly of image forming apparatus may be referred
to simply as apparatus main assembly), showing the general
structure thereof. Shown here 1s the 1mage forming portion
which belongs to the above-mentioned color copying
machine as an example of a multicolor 1mage forming appa-
ratus having multiple 1mage forming stations which uses
black (Bk), magenta (M), cvan (C), and yellow (Y) toners as
developer. The image forming stations are juxtaposed 1n par-
allel. Incidentally, the machine may be structured so that 1t
uses special purpose toners, such as red toner or transparent
toner, 1n addition to the above-mentioned toners. Further, it
may be structured so that i1t uses darker and lighter magenta
toners, and darker and lighter cyan toners, in addition to the
above-mentioned ordinary magenta and cyan toners. In such
cases, all that 1s necessary 1s to provide the apparatus with
additional 1mage forming stations, which will be described
later.

First, the image forming stations will be described in detail.
However, all the image forming stations are the same 1n
structure, although they are different in the toner they use.
Therefore, only one of the image forming stations will be
described.

Each image forming station 1s provided with a photosen-
sitive member 100 (which hereafter will be referred to as
photosensitive drum) as an 1image bearing member (electro-
photographic photosensitive member). The photosensitive
drum 100 1s rotationally driven. It 1s disposed 1n contact with
an intermediary transier belt 107.

The photosensitive drum 100 1s rotatably supported by its
peripheral surface at its lengthwise end portions by unshown
roller bearings. That 1s, the photosensitive drum 100 1s kept in
a preset position 1n the apparatus main assembly. Therelore,
the photosensitive drum 100 1s rotatable about a preset rota-
tional axis without wobbling.

In the adjacencies of the peripheral surface of the photo-
sensitive drum 100, a charge roller 101 1s disposed so that 1t 1s
rotated by the rotation of the photosensitive drum 100. The
image forming station 1s structured so that charge bias i1s
applied to the charge roller 101 from an electric power source
with preset timing. In this embodiment, the combination of
AC and DC voltage 1s applied as the charge bias (oscillatory
voltage) to the charge roller 101 to uniformly charge the
peripheral surface of the photosensitive drum 100. As the
charge bias i1s applied to the charge roller 101, electrical
discharge occurs 1n the microscopic gaps between the periph-

10

15

20

25

30

35

40

45

50

55

60

65

4

eral surfaces of the charge roller 101 and photosensitive drum
100. As a result, the peripheral surface of the photosensitive
drum 100 1s charged.

Onto the uniformly charged area of the peripheral surface
of the photosensitive drum 100, a beam of laser light L 1s
projected from the exposing apparatus of the image forming
apparatus while being modulated with picture information.
As aresult, an electrostatic image 1s formed on the photosen-
sitive drum 100. More specifically, the exposed points of the
uniformly charged area of the peripheral surface of the pho-
tosensitive drum 100 reduces 1n potential, whereas the unex-
posed points of the uniformly charged area of the peripheral
surface of the photosensitive drum 100 do not reduce 1n
potential. Therefore, an electrophotographic latent image
which reflects the picture information 1s effected.

The electrostatic latent 1mage effected on the photosensi-
tive drum 100 1s moved to a developing device 103 as a
developing means by the rotation of the photosensitive drum
100. As the electrostatic latent image reaches the developing
device 103, 1it1s developed into a visible image by the toner, as
developer, supplied to the latent 1mage from the peripheral
surface of a development roller 102, which 1s coated with the
toner, and to which development bias, that 1s, the combination
of AC and DC voltages are applied from the electric power
source. Incidentally, 1n this embodiment, the reversal devel-
opment method 1s emploved, which adheres toner to the
points of the charged area of the peripheral surface of the
photosensitive drum 100, which have been exposed by the
beam of laser light. Further, the image forming apparatus 1s
structured so that toner 1s supplied to the developing means
from the toner supply container 1 by the amount proportional
to the amount of the toner consumed through the development
process. The toner supply container 1 will be described later.

The toner image on the photosensitive drum 100 1s trans-
terred (primary transier) onto an intermediary transier belt
107 by a primary transier roller 104. During this process,
primary transier bias (DC) 1s applied to the primary transier
roller 104 from an electric power source.

The above-described processes are repeated 1in each 1mage
forming station. As a result, black (Bk), magenta (M), cyan
(C), and yellow (Y) toner 1images are sequentially transferred
in layers onto the intermediary transier belt 107.

Meanwhile, a recording medium S 1s conveyed from a
sheet feeder cassette, 1n which 1t has been stored, toward the
intermediary transfer belt 107 by an unshown sheet convey-
ance mechanism so that 1t will arrive at the intermediary
transier belt 107 in synchromization with the arrival of the
toner 1mages at the imntermediary transier belt 107.

The toner 1images on the intermediary transier belt 107,
which has etlected a color image, are transferred (secondary
transier) all at once onto the recording medium S, 1n the
secondary transfer area formed by a roller 109 (which
opposes secondary transfer) and intermediary transter belt
107. During this process, secondary transier bias (DC) volt-
age 1s applied to a secondary transfer roller 108 from an
clectric power source.

The color image formed on the recording medium S 1s
conveyed to a fixing apparatus, in which 1t 1s fixed to the
recording medium S by the heat and pressure applied thereto
by the fixing apparatus. As a result, the color image on the
recording medium S becomes a permanent 1image. After the
fixation, the recording medium S 1s discharged from the appa-
ratus, ending the 1image formation sequence.

Incidentally, the toner remaining on the peripheral surface
ol the photosensitive drum 100 after the primary transfer is
removed from the photosensitive drum 100 by a cleaner 106,
and 1s recovered 1nto a waste toner storage portion.
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(Toner Supply Container)

Next, referring to FIG. 2, the toner supply container 1 as a
developer supply container will be described.

The toner supply container 1 has a container proper 1A in
which toner 1s stored. The container proper 1A 1s roughly in
the form of a cylinder. The toner supply container 1 also has
a toner outlet 1aq as a developer outlet (developer discharge
port), which 1s smaller in diameter than the container proper
1A. The toner outlet 1a protrudes from one of the lengthwise
ends of the container proper 1A 1n the lengthwise direction of
the container proper 1A.

The toner outlet 1a 1s provided with an opening as a devel-
oper discharge opening, which 1s at the end of the toner outlet
1a. Normally, this opeming 1s kept sealed by a sealing member
2. The end portion of the sealing member 2 1s provided with
a snap-lock portion, which 1s provided with a pair of protru-
sions 2a, which snap into the pair of holes with which the
coupler 20 1s provided. The coupler 20 will be described later.
The snap-lock portion is also provided with a pair of protru-
sions 26, which are for disengaging the protrusions 2a from
the coupler 20. Each protrusion 25 1s structured so that as a
decoupler ring 21 (which will be described later) 1s slid, 1t
receives the force applied by a decoupler ring 21 to displace
the snap-lock portion toward the axial line of the sealing
member 2. While the snap-lock portion 1s 1n the position into
which it 1s displaced by the decoupler ring 21, the snap-lock
portion and coupler 20 can be disengaged from each other,
without being damaged, by retracting the toner supply con-
tainer 1.

Further, the other lengthwise end of the container proper
1A 15 provided with a gear portion 3 as a driving force recerv-
ing portion, which engages with a driving gear 104 as a
driving member, which 1s on the main assembly side. Inci-
dentally, the driving force recerving portion does not need to
be 1n the form of a gear. That 1s, 1t may be 1n the form of one
of the known couplers. When the drniving force receiving
portion 1s 1n the form of a coupler, the driving member must
be 1n the form of a coupler which matches the coupler on the
toner supply container side.

The toner supply container 1 1s also provided with an
engaging portion 3a as an engageable portion which engages
with the photosensitive drum 100 when the toner supply
container 1 1s mounted into the hollow of the photosensitive
drum 100. The engaging portion 3a 1s on the peripheral sur-
face of the toner supply container 1, being 1n the adjacencies
of the gear portion 3. The apparatus is structured so that the
engaging portion 3a, which 1s in the form of a protrusion, fits
into a groove 100a of the internal surface of the photosensi-
tive drum 100, to make the photosensitive drum 100 rotates
with the toner supply container 1. That 1s, a part of the toner
supply container 1 1s engaged with a part of the photosensitive
drum 100. Further, the engaging portion 3a 1s given the role of
a driving force transmitting portion, in addition to the role of
the engagement portion. That 1s, the rotational driving force
which the gear portion 3 recetves from the driving gear 104 on
the apparatus main assembly side 1s transmitted to the pho-
tosensitive drum 100 through the interface between the
engaging portion 3a and the walls of the groove 1004 1n the
internal surface of the photosensitive drum 100.

Incidentally, 1n this embodiment, the toner supply con-
tainer 1 1s provided with two engagement portions 3a, which
are positioned so that they oppose each other across the toner
supply container 1 1n terms of the diameter direction of the
toner supply container 1 and the photosensitive drum 100 1s
respectively provided with the grooves 100a. However, the
number and positioning of the portions 3a do not need to be
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limited to those 1n this embodiment. That 1s, they are optional;
for example, the number of the engagement portions 3a may
be only one.

Further, the structural arrangement for making the toner
supply container 1 rotate with the photosensitive drum 100
does not need to be limited to the above-described one. For
example, the engaging portion 3a and groove 100a may be
reversed 1n the component to which they are made to belong.
Moreover, the structure may be as will be described next.

That 1s, the toner supply container 1 1s shaped so that the
rear end portion, 1n terms of the toner supply container inser-
tion direction, 1s greater in diameter than the rest of the toner
supply container 1 (thus, the rear end portion may be referred
to as a large diameter portion (engageable portion)). More
specifically, the rear end portion 1s rendered slightly larger 1n
diameter than the rest of the toner supply container 1 so that
as the toner supply container 1 1s mserted mto the hollow
portion of the photosensitive drum 100, contact pressure 1s
generated between the peripheral surface of the large diam-
cter portion of the toner supply container 1 and the internal
surface of the photosensitive drum 100 by such an amount
that 1s large enough to cause the photosensitive drum 100 to
rotate with the toner supply container 1, while being small
enough to allow the toner supply container 1 to be easily
removed from the photosensitive drum 100. In the case of
such a structural arrangement, the operation to be carried out
by an operator to align the above-mentioned engaging portion
3a, which 1s 1n the form of a protrusion, with the groove 100q
1s not required when mounting the toner supply container 1
into the photosensitive drum 100. Therefore, the structural
arrangement can improve the apparatus 1 operational eifi-
ciency.

As described above, one of the lengthwise ends of the toner
supply container 1 1s provided with the engaging portion 3a.
Theretore, the following effects can also be obtained. That 1s,
as the toner supplying operation continues, the toner in the
toner supply container 1 shifts toward the toner outlet 1a
located at the opposite lengthwise end (downstream end 1n
terms of developer conveyance direction) from where the
engaging portion 3a 1s located. As the toner shifts toward the
toner outlet 1q, it 1s possible that the opposite lengthwise end
(upstream end 1n terms of developer conveyance direction) of
the toner supply container 1 from where the toner outlet 1a 1s
located, will wobble. The structural arrangement in this
embodiment prevents this problem of wobbling.

Referring to FIG. 3, the toner supply container 1 is pro-
vided with a toner bailling member 5 as a toner conveying
member, which 1s disposed in the toner supply container 1 to
convey the toner in the toner supply container 1 toward the
toner outlet 1q as the toner supply container 1 is rotated. The
battling member extends across virtually the entire length of
container proper 1A. It 1s provided with a partition (support)
plate 5a solidly fixed to the container proper 1a. To the par-
tition plate Sa, multiple toner conveyance guides 56 are
attached as developer guiding portions, which are in the form
ol a rib and protrude from the partition plate 5a. The toner
conveyance guides 5b are tilted relative to the rotational axis
of the toner supply container 1. The partition plate Sa 1s
provided with multiple through holes 5S¢ for stirring the toner
by allowing the toner to fall from one side of the partition
plate 5a to the other 1n terms of the diameter direction of the
toner supply container 1.

More specifically, as the toner supply container 1 is rotated,
the toner in the toner supply container 1 is lifted by the
partition plate 5a, and slides on the partition plates 5a and
toner conveyance guides 55, being thereby conveyed toward
the toner outlet 1a. As the body of the lifted toner slides
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toward the toner outlet 1a, a part of the body of the lifted toner
talls through the through holes 5¢ 1nto the bottom side of the
container proper 1A, being thereby stirred and mixed.
Incidentally, the above-described toner conveying portion
does not need to be 1n the above-described form. That 1s, as
long as the toner conveying portion can conveyed the toner
when the toner supply container 1 is rotated, 1ts structure does
not matter. For example, it may be a spiral rib formed on the
internal surface of the toner supply container 1.
(Toner Supplying Operation of Toner Supply Container)
Next, referring to FIGS. 4-7, and 11, the toner supplying
operation of the toner supply container 1 will be described.
FI1G. 4 15 a partially cutaway perspective view of the image
forming apparatus and toner supply container 1, and FIG. 5 1s
a schematic drawing of the photosensitive drum 100 and toner

supply container 1, showing the distinctive positional rela-
tionships between the toner supply container 1 and photosen-
sitive drum 100 1n the operation for imnserting the toner supply
container 1 into the photosensitive drum 100. FIG. 11(a) 1s a
perspective view ol the hollow cylindrical coupler 20, as the
means for unsealing or resealing the toner supply container 1
(toner outlet 1a), with which the apparatus main assembly 1s
provided. The coupler 20 1s structured so that it can be
engaged with the above-described sealing member 2. The
coupler 20 1s provided with a pair of holes 20/, into which the
pair of protrusions 2a of the snap-lock portion fit, and a pair of
ribs 20a which separate the pair of holes 20/ 1n terms of the
circumierential direction of the coupler 20.

Referring to FIG. 4, designated by a referential numeral
100 1s a photosensitive drum, which 1s hollow, providing
thereby a space (toner supply container bay) into which the
toner supply container 1 can be inserted. In the adjacencies of
the peripheral surface of the photosensitive drum 100, the
image forming station, which has already been described, 1s
disposed.

The 1image forming apparatus 1s structured so that as the
toner supply container 1 1s inserted into the hollow of the
photosensitive drum 100, the lengthwise direction of the
toner supply container 1 becomes roughly parallel to the
lengthwise direction of the photosensitive drum 100.

The method (procedure) for properly positioming in the
image forming apparatus (more specifically, in the hollow of
photosensitive drum 100) 1s as follows: An operator 1s to open
a cover, with which the apparatus 1s provided for toner con-
tainer exchange, and then, mnsert (mount) the toner supply
container 1 into the photosensitive drum 100.

(1) First, the toner supply container 1 1s to be 1nserted into
the internal space of the photosensitive drum 100 1n the direc-
tion indicated by an arrow mark (FI1G. 5(a)) so that the engag-
ing portion 3a of the toner supply container 1 fits into the
groove 100alocated at the lengthwise end of the photosensi-
tive drum 100.

(2) While the toner supply container 1 1s inserted to the
deepest end of the hollow of the photosensitive drum 100, the
toner supply container 1 goes through the stage shown 1n FIG.
5(b), and comes 1nto contact with a stopper plate located at the
deepest end of the hollow of the photosensitive drum 100 to
prevent the toner supply container 1 from being inserted
turther, ending the 1nsertion of the toner supply container 1,
with the toner supply container 1 being in the state shown in
FIG. 5(c); the toner supply container 1 cannot be inserted
beyond the position 1n which 1t 1s in the condition shown in
FIG. 5(c).

As described above, at the end of the insertion of the toner
supply container 1, the protrusions 2a of the snap-lock por-
tion of the sealing member 2 fit into the holes 20/, one for one,
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locking the sealing member 2 to the coupler 20, ensuring that
the sealing member 2 1s secured to the coupler 20.

Also atthe end of the insertion of the toner supply container
1, the gear portion 3 of the toner supply container 1 meshes
with the driving gear 104 (FIG. 6) on the image forming
apparatus main assembly side, making it possible for the
toner supply container 1 to be driven. Incidentally, 1t 1s pos-
sible that the teeth of the gear portion 3 of the toner supply
container 1 and the teeth of the driving gear 104 will be
damaged by the impacts to which the teeth are subjected when
the gear portion 3 and driving gear 104 come into contact with
cach other. Thus, the teeth on both sides are tapered at the tip
to prevent them from being damaged by the impacts.

Also atthe end of the insertion of the toner supply container
1, the engaging portion 3a of the toner supply container 1 fits
into the groove 1004 of the photosensitive drum 100, locking
the toner supply container 1 and photosensitive drum 100
relative to each other in terms of the circumierential direction
of the toner supply container 1 (photosensitive drum 100) so
that the rotational driving force can be transmitted from the
toner supply container 1 to the photosensitive drum 100.

(3) Next, the operator 1s to close the cover. The mward
surface of this cover 1s provided with a toner supply container
retaining portion, which 1s structured so that as the cover 1s
closed, 1t comes 1nto contact with the trailing end of the toner
supply container 1, in terms of the toner supply container
insertion direction, and remains 1n contact with the trailing
end, preventing thereby the toner supply container 1 from
moving upstream in terms of the toner supply container inser-
tion direction.

(4) As the cover 1s closed, the coupler 20, which 1s 1n
engagement with the sealing member 2, 1s slid by the cover in
the direction to move away from the container proper 1A. As
a result, the toner outlet 1a 1s unsealed, as shown 1n FI1G. 11.
That 1s, 1t 1s made possible for the toner in the toner supply
container 1 to be discharged through the toner outlet 1a.

(5) After the unsealing of the toner supply container 1
(outlet 1a), the driving gear 104 1s rotationally drive by a
motor with which the image forming apparatus main assem-
bly 1s provided. As a result, the toner 1s supplied (discharged)
from the toner supply container 1 into the image forming
apparatus (developing device).

Reterring to FI1G. 7, as the toner supply container 1 recetves
the rotational driving force from the driving gear 104 atter the
proper positioning of the toner supply container 1 in the
apparatus main assembly, 1t discharges the toner through the
toner outlet 1a. Then, the discharged toner accumulates 1n a
temporary hopper 120 as a toner catching portion, and then, 1s
conveyed from the temporary hopper 120 to the developing
device 103 by a toner conveyance screw 105.

As described above, as the toner supply container 1 is
inserted 1nto the photosensitive drum 100 and properly set
therein, not only does it engage with the driving gear 104,
being thereby enabled to be driven by the gear 104, but also,
it engages with the photosensitive drum 100, being thereby
enabled to rotate the photosensitive drum 100. As a result, not
only does i1t become possible for the rotational driving force,
which the toner supply container 1 receives from the image
forming apparatus (driving gear 104), to be used for rotating
the toner supply container 1 to supply the image forming
apparatus with toner, but also, it can be used to rotate the
photosensitive drum 100 for image formation.

In this embodiment, the gear portion 3 of the toner supply
container 1 doubles as the portion through which driving
force 1s transmitted to the photosensitive drum 100. There-
fore, each time the toner supply container 1 1s replaced, the
portion (gear portion 3) through which driving force 1s trans-
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mitted to the photosensitive drum 100 1s also replaced with a
brand-new one, preventing thereby the problem that the driv-
ing force transmission eificiency declines due to the excessive
amount of frictional wear of the gear portion 3, which occurs
as the cumulative length of usage of the gear portion 3
becomes excessive. Therelore, 1t 1s possible to keep stable the
peripheral velocity of the photosensitive drum 100 of the
image forming apparatus, at a preset value for a long period of
time, making 1t thereby possible to enable the image forming,
apparatus to continuously yield high quality images for a long
period of time.

Also 1n this embodiment, the toner supply container 1 1s
mounted 1n the photosensitive drum 100. This placement of
the toner supply container 1 in the photosensitive drum 100
contributes to the reduction in the size of the image forming
apparatus main assembly. Further, the toner supply container
1 1s used as an intermediary for rotationally driving the pho-
tosensitive drum 100, integrating thereby the mechanism for
driving the toner supply container 1 and that for driving the
photosensitive drum 100 into a single driving mechanism,
contributing to the simplification of the 1mage forming appa-
ratus main assembly. Further, unless the developer supply
container 1 1s mounted 1nto the photosensitive drum 100, the
photosensitive drum 100 cannot be rotationally driven (1image
forming operation cannot be carried out). Therefore, 1t does
not occur that an 1mage forming operation 1s started without
having a developer supply container 1 set 1in the apparatus
main assembly. Further, the hollow of the photosensitive
drum 100 1s utilized as the space into which the toner supply
container 1 1s mounted. Therefore, the amount of force nec-
essary to rotationally drive the photosensitive drum 100 1n
this embodiment 1s greater than that necessary to rotationally
drive a photosensitive drum 1n accordance with the prior art,
contributing to the stableness of the peripheral velocity of the
photosensitive drum 100.

(Toner Supply Container Replacement Operation)

Next, referring to FI1G. 12, the operation for replacing the
toner supply container will be described.

FI1G. 12(a) shows the state of the toner outlet, in which the
toner outlet 1s open, and therefore, the toner in the toner
supply container can be discharged through the toner outlet.

As 1t 1s determined that the amount of the toner remaining
in the toner supply container 1 1s insufficient, the above-
mentioned decoupler ring 21, with which the image forming
apparatus main assembly 1s provided, 1s slid toward the toner
supply container 1 (in the direction indicated by arrow mark
a 1in the drawing)), causing thereby the snap-lock portion of
the sealing member 2 to deform inward 1n terms of the radius
direction of the sealing member 2 (FIG. 12(5)). As the snap-
lock portion 1s deformed as described above, the deformation
of the snap-lock portion causes the projections 2a to come out
of the holes 20/, 1n which they overlap with the coupler 20, 1n
terms of the direction 1n which the toner supply container 1 1s
to be removed. Thereatfter, the decoupler ring 21 1s shid further
in the direction indicated by the arrow mark a, causing the
flange portion and toner outlet sealing portion of the sealing
member 2 toward the container proper 1A. As a result, the
toner outlet sealing portion of the sealing member 2 1s pushed
back into the toner outlet 14, resealing thereby the toner outlet
1a. At the end of the resealing of the toner supply container,
the toner supply container remains retained by the toner sup-
ply container retaining portion of the above-mentioned cover
for toner supply container replacement, being therefore pre-
vented from moving upstream 1n terms of the toner supply
container nsertion direction.

Thereatfter, the coupler 20 is slid, along with the decoupler
ring 21, in the opposite direction (indicated by arrow mark d
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in drawing). As a result, the sealing member 2 1s disengaged
from the coupler 20 (FIG. 12(c¢)).

Once the sealing member 2 becomes disengaged from the
member 20, the toner supply container 1 can be pulled out by
the operator 1n the direction indicated by an arrow mark ¢ in
the drawing; it 1s possible to replace the toner supply con-
tainer 1.

As described above, 1n this embodiment, the image form-
ing apparatus 1s structured so that the toner supply container
1 can be easily removed from the photosensitive drum 100.
That 1s, the toner supply container 1 1s in the form of a
cartridge (toner cartridge). Therefore, it 1s removable from
the photosensitive drum 100 without removing the parts, such
as smaller screws, for anchoring the toner supply container 1.
Therefore, the toner supply container 1 can be replaced at a
different time from when the photosensitive drum 100 1s
replaced. Thus, this embodiment contributes to the reduction
of the operational cost of the image forming apparatus.

Further, unlike the toner supply container in accordance
with the prior art, the toner supply container 1 1n this embodi-
ment rotates with the photosensitive drum 100. Therefore, the
toner supply container 1 1n this embodiment more effectively
stirs the toner therein than a toner supply container in accor-
dance with the prior art. Therefore, 1t can smoothly discharge
even toner that 1s inferior 1n fluidity. Thus, 1t can substantially
reduce the unusable amount of toner i1n the toner supply
container, that 1s, the amount of toner in the toner supply
container, which cannot be discharged.

Incidentally, 1n the above-described embodiment, the
image forming apparatus was structured so that the rotational
driving force 1s transmitted from the developer supply con-
tainer side to the photosensitive drum side. This structural
arrangement, however, 1s not mandatory. For example, the
image forming apparatus may be structured so that the rota-
tional driving force 1s transmitted from the photosensitive
drum side to the developer supply container side (reverse
direction from rotational driving force transmission direction
in this embodiment 1). In such a case, the ratio 1n revolution
between the photosensitive drum and developer supply con-
tainer can be optionally set by changing the reduction ratio
with the provision of intermediary gears or the like. This
structural arrangement 1s beneficial when 1t 1s desired to con-
trol the amount by which developer 1s supplied. Further, the
structure of the image forming apparatus may be such thatthe
photosensitive drum 100 and developer supply container 1 are
cach provided with their own gear portion, which directly
engages with the driving gear 104 to directly receive the
rotational driving force. However, from the standpoint of the
simplification of the driving mechanism, the unmodified ver-
sion of the structural arrangement 1n the this embodiment 1s
preferable.

Embodiment 2

Next, referring to FIGS. 8 and 9, the second embodiment of
the present invention will be described.

FIG. 8 1s an external perspective view of the toner supply
container 1n this embodiment, and FIG. 9 1s a sectional view
of the toner supply container 1n this embodiment.

This embodiment 1s different from the first embodiment
described above, 1n that the toner supply container 1 in this
embodiment 1s provided with a vibration absorbing member
4, which 1s fitted around the container proper 1A of the toner
supply container 1. Otherwise, the second embodiment is the
same as the first embodiment.

The vibration absorbing member 4 1s an elastic member
formed of elastomer or the like. It 1s mnserted into the photo-
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sensitive drum 100 so that its peripheral surface 1s placed
airtightly 1n contact with the internal surface of the photosen-
sitive drum 100, as shown 1n FIG. 9, to absorb vibrations to
prevent the photosensitive drum 100 from vibrating. The
vibration absorbing member 4 may be formed of a material
different from the material for the toner supply container 1, as
shown in FIGS. 8 and 9. Obviously, however, 1n consideration
of productivity, multiple vibration absorbing members 4 may
be formed as integral parts of the toner supply container 1 as
shown 1n FIG. 10.

As described above, 1n this embodiment, the toner supply
container makes airtight contact with the internal surface of
the photosensitive drum and rotates with the photosensitive
drum. Therefore, not only can this embodiment reduce an
image forming apparatus in size, but also, 1t can absorb vibra-
tions to prevent the photosensitive drum from vibrating.

This embodiment 1s particularly effective when applied to
an 1mage forming apparatus which 1s structured as follows.

That 1s, as described above, 1in order to increase, 1n 1mage
formation speed, an 1image forming apparatus structured so
that the photosensitive drum 1s charged by placing the charge
roller 1n contact with the photosensitive drum, the photosen-
sitive drum of the image forming apparatus must be increased
in peripheral velocity. However, increasing the photosensitive
drum 1n peripheral velocity possibly reduces the level of
uniformity at which the peripheral surface of the photosensi-
tive drum 1s charged. Thus, 1n order to prevent the decline in
the level of uniformity at which the peripheral surface of the
photosensitive drum 1s charged, 1t 1s possible to increase in
frequency the AC voltage applied to the charge roller. How-
ever, 11 the AC voltage applied to the charge roller 1s increased
in frequency to no less than roughly 200 Hz, 1t 1s possible that
the 1mage forming apparatus increases in the amount of
noises attributable to the vibrations of the photosensitive
drum and charge roller.

It has been discovered that the following mechanism 1s
responsible for “noises attributable to the charging process™,
which become problematic when the contact charging
method based on electrical discharge 1s employed.

That 1s, as oscillatory voltage 1s applied to a charge roller,
clectrostatic force occurs between the charge roller and a
photosensitive drum. This electrostatic force causes the
charge roller and photosensitive drum to attract each other.
Further, when the amplitude of the oscillatory voltage applied
to the charge roller 1s close to 1ts largest or smallest value, the
amount of this electrostatic force 1s substantial, causing the
photosensitive drum and charge to elastically deform toward
cach other. On the other hand, when the amplitude of the
oscillatory voltage is close to the middle between 1ts largest
value and zero, the electrostatic force 1s substantially smaller,
allowing the resiliency of the charge roller to make the charge
roller recover from the deformation. Therefore, the charge
roller tends to move away from the photosensitive drum.
Thus, as the oscillatory voltage 1s applied to the charge roller,
the photosensitive drum and charge roller vibrate at twice the
frequency of the applied oscillatory voltage.

Further, as the photosensitive drum and charge roller
rotate, the peripheral surfaces of the photosensitive drum and
charge roller rub against each other. Thus, when the ampli-
tude of the oscillatory voltage 1s close to 1ts largest or smallest
value, that 1s, when the charge roller is attracted to the pho-
tosensitive drum, while elastically deforming, by the above-
described substantial amount of electrostatic torce, both the
photosensitive drum and charge roller are slowed down in
peripheral velocity by the above-mentioned friction between
the two, whereas when the amplitude of the oscillatory volt-
age 15 close to the middle between the 1ts largest value and
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zero, that 15, when the above-mentioned electrostatic force 1s
substantially smaller, the resiliency of the charge roller 1s
allowed to cause the charge roller to recover from 1ts elastic
deformation, reducing thereby the amount of the contact pres-
sure between the photosensitive drum and charge roller.
Theretore, the friction between the photosensitive drum and
charge roller, that is, the force which slows down the photo-
sensitive drum and charge roller 1 peripheral velocity, 1s
smaller. It 1s therefore possible that the peripheral surfaces of
the photosensitive drum and charge roller will slip and stick
relative to each other, generating thereby vibrations, as a
finger does when 1t rubs the wet glass surface. The frequency
ol these vibrations 1s also twice the frequency of the applied
oscillatory voltage.

The noises which occur when the photosensitive drum 1s
charged by the charge roller are attributable to the above-
described vibrations, and the frequency of the noises 1s basi-
cally twice the frequency of the applied alternating voltage.
Theretfore, when the frequency of the applied alternating volt-
age 1s 300 Hz, 1t 1s possible that noises which 1s 600 Hz 1n
frequency will be heard. Further, high frequency noises
which 1s several times 1n frequency the ordinary charging
noises are sometimes heard. In rare cases, high frequency
noises which are several times higher 1n frequency than the
oscillatory voltage are heard.

Not only are the noises (vibrations), such as the above-
described ones, which occur during the charging of the pho-
tosensitive drum, directly attributable to the vibrations which
occur 1n the contact area between the photosensitive drum and
charge roller, but also, to the vibrations of the devices, 1n the
adjacencies of the photosensitive drum, which are caused by
the vibrations transmitted to the devices from the photosen-
sitive drum.

The above-described noises attributable to the charging of
the photosensitive drum can be controlled by providing a
toner supply container with a vibration absorbing member
such as the one 1n this embodiment.

INDUSTRIAL APPLICABILITY

As described heremnabove, according to the present mnven-
tion, 1t 1s possible to provide a downsized image forming
apparatus since the space required for a developer supply
container 1s minimized.

While the invention has been described with reference to
the first and second preferred embodiments of the present
invention, 1t 1s not confined to the details set forth, and this
application 1s intended to cover such modifications or
changes as may come within the purposes of the improve-
ments or the scope of the following claims.

The mvention claimed 1s:

1. A developer supply container detachably mountable to a
hollow portion of a rotatable photosensitive member pro-
vided 1n an electrophotographic 1mage forming apparatus
including a driving member, said container comprising:

a rotatable container body having an nner space config-

ured to contain a developer;

a feeding portion configured and positioned to feed the
developer 1n said container body 1n an axial direction of
said container body with a rotation of said container
body to discharge the developer out of said container
body;

a driving force recerving portion engageable with the driv-
ing member and configured and positioned to receive a
rotational driving force for rotating said container body
from the driving member; and
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a driving force transmitting portion, engageable with the
photosensitive member and configured and positioned
to transmit the rotational driving force received by said
driving force recerving portion to said photosensitive
member.

2. A container according to claim 1, wherein said driving,
force receiving portion includes a gear portion engageable
with a gear portion of the driving member.

3. A container according to claim 1, wherein said driving
force recerving portion 1s disposed adjacent an upstream end
of said container body with respect to a developer feeding
direction of said feeding portion.

4. A container according to claim 1, wherein a plurality of
such driving force transmitting portions are provided dis-
cretely on a peripheral surface of said container body.

5. A container according to claim 4, wherein said driving,
force transmitting portions include projections engageable
with respective recesses formed 1n the photosensitive mem-
ber.

6. A container according to claim 1, wherein said driving

force transmitting portion 1s closely contactable with an inner
surface of the photosensitive member while permitting a
mounting operation of said developer supply container there-
nto.

7. A container according to claim 1, wherein said feeding
portion includes a plate-like member extending 1n the axial
direction of said container body, and said plate-like member
1s provided on a plurality of developer guiding portions
inclined relative to the axial direction.

8. A container according to claim 1, wherein said container
body further includes a vibration absorbing material config-
ured and positioned to absorb a vibration of the photosensi-
tive member.
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9. A container according to claim 1, wherein said driving
force transmitting portion 1s configured to contact an 1nner
surface of the photosensitive member so that contact pressure
1s generated between said driving force receiving portion and
the inner surface of the photosensitive member.

10. A container according to claim 9, wherein the gener-
ated contact pressure 1s configured so as to cause rotation of
the photosensitive member by a rotation of said container
body, while permitting a mounting operation of said devel-
oper supply container to the photosensitive member.

11. A developer supply system of an electrophotographic
image forming apparatus comprising:

a photosensitive member having a hollow portion;

a driving member configured and positioned to apply a

rotational driving force; and

a developer supply container detachably mountable to said

hollow portion of said photosensitive member, said

developer supply container including:

a rotatable container body having an inner space config-
ured to contain developer;

a Teeding portion configured and positioned to feed the
developer 1n said container body 1n an axial direction
of said container body with a rotation of said con-
tainer body to discharge the developer out of said
container body;

a driving force receiving portion engageable with said
driving member and configured and positioned to
receive the rotational driving force for rotating said
container body from said driving member; and

a driving force transmitting portion engageable with
said photosensitive member and configured and posi-
tioned to transmuit the rotational driving force recerved

by said driving force receiving portion to said photo-
sensitive member.
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